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Abstract Dry matter budget of the larvae of Taraka hamada was studied, and food 
utilization efficiencies were compared between the groups reared under surplus and 
limited food conditions. The influence of food supply on the larval growth pattern 
under several food conditions was also studied. The larva of surplus food condition 
fed on aphids of 21 - 44 mg in dry weight during the 4th instar. The amount is equal 
to 6-13 small aphid colonies which are usually observed in the field. The larvae could 
pupate even under limited food condition, though they had been fed on a third of the 
surplus amount. The conversion efficiency of ingested foods to body substances of 7. 
hamada (27.4 - 44.4%) was higher in comparison with those of phytophagous le- 
pidopterans. Furthermore, T. hamada larvae utilized the food with higher efficiency 
when it was limited. Under food shortage, larvae tended to pupate when they reached 
the minimal weight for pupation. Delay of pupation was only one or two days even 
when they were reared on limited food. 
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Introduction 


Larvae of the licaenid butterfly, Taraka hamada DRUCE, feed on aphids, mainly 
Ceratovacuna japonica TAKAHASHI in Kantou Lowland. Population sizes of both 
butterfly and aphid change widely throughout the year (BANNO, 1985). As the number 
of butterflies increases, that of aphids decreases abruptly by the predation of butterfly 
larvae. Consequently, the butterfly larvae are confronted with the food shortage. 
Therefore, the study on the food utilization (dry matter budget and conversion effi- 
ciency) of larvae is important for the investigation of T. hamada population. 

Food utilization of lepidopterous larvae has been studied in many phytophagous 
species from various viewpoints (SOO Hoo and FRAENKEL, 1966 ; SCHROEDER, 1976 ; 
SCRIBER and FEENY, 1979 : BANNO, 1984a, b). On the other hand, the study on 
carnivorous species is seldom found, probably because the carnivorous lepidoptera is 
very few. In this paper, the dry matter budgets of T. hamada were studied, and the 
food utilization efficiencies of them were also compared with those of other insects. In 
addition, the influences of food supply on the food utilization and on the growth pattern 
of T. hamada larva were examined. 
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Materials and Methods 


The 2nd or 3rd instar larvae were collected from the field and reared on surplus 
food till the 4th instar. Newly moulted 4th instar larvae were individually reared on 
a surplus and a limited (about a third of surplus) amount of food in the glass vials at 
16, 19, 22 and 25°C. Live aphids, freshly collected from the field, were supplied to 
butterfly larvae. In the surplus food treatment, aphids were supplied every one or two 
days, and the faeces and uneaten aphids were collected at that time. In the limited food 
treatment, food (8-16 mg aphids in dry weight) was supplied only at the beginning of 
4th instar. The amount of food supplied to each larva could not be controlled precisely 
under limited condition because the aphids taken off from the bamboo leaves coalesced 
into lumps, which were hard to break up without squashing the aphids. 

Dry matter budgets were determined by standard gravimetric procedures (WALD- 
BAUER, 1968). Budgets are presented by the following equation : 

C=Gt+M+F 
where C, G, M and F are the food consumption, larval growth, expenditure on the 
maintenance of metabolic processes and faeces, respectively, and (G + M) is food 
assimilattion. Dry weights of both supplied food and larva were determined by 
wet-dry weight ratios. The larval growth was determined by the weight gain during 
the 4th instar. Since their weights were assumed to be negligible, the exuviae were 
omitted in the calculations. 

Food utilization efficiencies were calculated by the following three equations. 
Approximate digestibility : A. D. (%) = (G + M)/C x 100 
Efficiency of conversion of ingested food to body substance : 

E. C. I. (%) = G/C x 100 
Efficiency of conversion of digested food to body substance : 

E. C. D. (%) = G/ (M + G) x100 

In the experiment of the affection of food supply on the larval growth, five or six 
4th instar larvae were reared individually in glass vials under the eight different food 
conditions at 25C. One unit of food was about 4-5 mg dry weight of aphids. The food 
was supplied at the following intervals : A) surplus ; food was amply supplied every 
day, B) two units on the moulting day (i. e., on the 1st day of the 4th instar), C) one unit 
each on the 1st and 4th days, D) one unit each on the moulting day and 3rd day, E) one 
unit each on the moulting day, 2nd and 4th days, F) one unit each on the 1st, 3rd and 
oth days, G) one unit each on the 2nd and 4th days, H) two units each on the 2nd and 
oth days. The larvae were weighed every day or every two days. 


Results 


The mean dry matter budgets of 4th instar larvae reared on surplus food are 
shown in Fig. 1-A. Larvae consumed from 29.8 mg at 25°C to 34.7 mg at 16°C, excreted 
faeces of 13.6 (25°C) - 15.8 mg (16°C) and assimilated 16.2 (25°C) - 20.5 mg (16°C) on the 
average. The gain of body weight was maximum (mean=12.1 mg) at 16°C and 
minimum (mean 三 8.1 mg) at 25°C. Maintenance costs of larvae ranged from a mean 
of 8.4 mg at 16C to that of 8.1 mg at 25°. 
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Fig. 1. The dry matter budgets of the 4th instar larvae of T. hamada reared on the 
surplus amount of food (A) and on the limited amount of food (B). G+M+F: 
Food consumption; G+M: Food assimilation; G: Growth; M: Maintenance 
of life; F: Feaces. 


The larvae of the limited food condition ate all of the aphids supplied. The mean 
dry matter budgets of larvae reared on limited food are shown in Fig. 1-B. They 
consumed 9.9 (19°C) - 13.3 mg (22°C) and produced faeces of 4.4 (19°C) - 6.7 mg (22°C) on 
the average. Food assimilation ranged from a mean of 5.5 mg at 19°C to that of 7.9 mg 
at 25°C. Larval growth was about 5 mg, regardless of temperature. 

Food utilization efficiencies of the 4th instar larvae are shown in Table 1. The 
approximate digestibility (A. D.) ranged from 52.4% at 19°C to 59.2% at 16C with 
surplus food. The efficiency of conversion of digested food (E. C. D.) was about 50 - 
60%. The efficiency of conversion of ingested food (E. C. I.) ranged from 27.4% at 25°C 
to 34.9% at 16°C. With limited food, the A. D. values ranged 49.0 - 60.4% and were 
similar to those of the surplus food group. The E. C. D. values were higher than those 
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Table 1. Food utilization efficiencies (mean+S. E.) of the larvae of T. hamada. A. D. (%) : 
approximate digestibility ; E. C. I. (%): efficiency of conversion of ingested food to body 
substance ; E. C. D. (%) : efficiency of conversion of digested food to body substance (see 








text). 
Surplus food condition Limited food condition 
Temperature —-A—2-——AAB@@ ———— 
(で ) No AD. ECL ECD. No AD ECL ECD. 
25 10 54.4 土 1.0 27.4 土 1.7 50.4 土 2.9 8 60.4 土 1.9? 36.941.6° 61.5 土 4.0# 
22 10 54.1 土 1.6* 30.3 土 1.7 56.8 土 4.0 8 49.0 土 1.4 41.941.6° 86.1 土 4.3 
19 10 52.4 土 0.7 29.4 土 1.4 56.142.3 9 55.3 土 1.04 41.8+1.0° 75.9+2.7° 
16 8 59.2+1.7 34.9 土 1.3 59.5 土 3.4 5 58.0 土 2.1 44.4+1.1° 77.1+4.1° 





Note: Means marked by superscript are significantly higher than means for other food condition 
(a: P<0.05; b: P<0.01 : c: P<0.001) 


of the surplus food group. Consequently, the E. C. I. values were higher and ranged 
from 36.9% at 25° to 44.4% at 16C. 

The individual growth curves of 4th instar larvae are illustrated in Fig. 2. Larvae 
reared on surplus food reached maximum weight on the 3rd day and pupated from the 
4th to 6th day. Larvae reared on limited food consumed all of the food in one day, and 
the growth pattern reflected the timing of feeding. The 4th instar stage was length- 
ened only one or two days. They lost 10-20% of their weight during the starvation 
period. Many larvae pupated when they had reached more than 15 mg. Five or six 
days after moulting into the 4th instar, the larvae tried to pupate even if they had not 
reached 15 mg. Most of these larvae subsequently died at the prepupal stage or made 
deformed pupae, but some of them pupated successfully and emerged as viable adults. 


Discussion 


It was made clear from the present study that larvae of T. hamada feed on aplids 
of 21-44 mg in dry weight during the 4th instar. This amount is equivalent to 6- 13 
of small aphid colonies which are most abundant in the field. Thus, larvae must move 
a colony to another to feed on the aphids as the growth progress. In the present study 
the most larvae which had been fed a third of the surplus amount could pupate. The 
results well agree with the observation that small larvae had an ability of pupation in 
this species (BANNO, 1990). 

The differences in food utilization efficiencies among larvae reared on different 
host plants have been studied in many lepidopterous species (Soo Hoo and FRAENKEL, 
1966; BAILEY, 1976 : TABASHNIK, 1983 ; BANNO, 1984a, b). Efficiencies vary with 
butterfly species, and with host plant species even within the larvae of the same 
species. In phytophagous species, in general, E. C. I. ranges from 6 to 25%, A. D. from 
20 to 70% and E. C. D. from 20 to 60%. 

There are only a few reports on the food utilization efficiencies of carnivorous 
insects, but three studies on species of Hemiptera were summarized by WALDBAUER 
(1968). E. C. I. is considered to be a good indicator of the value of food for growth 
because this indicates the rate of conversion of ingested foods to body substances. The 
larvae of Cimex lectularius (Cimicidae) feed on animal blood and have about 30% of E. 
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Fig. 2. The growth curves of the 4th instar larvae reared under the various food 
conditions. A. surplus food, each line indicates the mean of individuals pupated 
on the 4th, 5th and 6th day : B-H. limited food, each line indicates one 
individual. One food unit was supplied on the date with single parenthesis. Two 
food units were supplied on the dated with double parentheses. Circles indicate 
the larvae which made normal pupae, triangles those which made deformed 
pupae and crosses those which died at larval stage. 


C. I. The larvae of Stalia major (Nabidae) feed on the sap beetle, Carpophilus 
dimidatus (Nitidulidae) with a very high E. C. I., 51%. The larvae of Phinoctonus 
nigrofasiatus (Reduviidae) feed on the nymphs of Dysdercus fasciatus (Pyrrhocoridae) 
with 38% of E. C. I.. These carnivorous species all have higher E. C. I. values than the 
phytophagous species. The E. C. I. of T. hamada is high as well as them, ranging from 
27.4 to 44.4%. 

The prey of carnivorous insects generally have higher caloric and nutritional 
values in comparison with plant foods. KLOTS (1951) suggested that the rapid larval 
growth of Feniseca traquinius (Lepidoptera, Lycaenidae) was probably due to the high 
nutritional value of the food, woolly aphids. It is probable that the short larval stage 
of T. hamada is also supported by high conversion efficiency. 

WALDBAUER (1968) suggested that monophagous butterfly species sometimes had 
higher efficiencies than polyphagous species. However, this is not always the case 
(SCHROEDER, 1976 : SCRIBER and FEENY, 1979). High efficiencies are not necessary for 
the monophagous species that use abundant and stable resources. In phytophagous 
insects, there are few cases in which the total amount of host plant is limited. T. 
hamada feeds only on aphids, and aphid numbers and local distributions are unstable, 
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so that high utillization efficiency can be considered to be an adaptation for food 
circumstances. 

In the armyworm, Pseudaletia unipuncta (MUKERJI and Guppy, 1970), food utiliza- 
tion efficiencies (A. D., E. C. I. and E. C. D.) of the larvae with limited food were lower 
than those of the larvae fed surplus food. Conversely, in T. hamada, E. C. I. and E. C. 
D. values were higher for larvae with limited food than for those with surplus food. 
Larvae reared on surplus food produced pupae 4 to 6 days after the 4th instar moulting. 
Most larvae reared on limited food also formed pupae 4 to 6 days after the moulting, 
with just four (12%) forming pupae on days 7 and 8. The larvae did not waste energy 
to search for more food : they consumed the available food, and pupated once they had 
reached the minimal weight at which the larvae could pupate. The prolongation of the 
larval stage to search for their unpredictable food resources may be energetically 
costly to the larvae. Thus, pupation without prolongation of the larval stage may be 
an advantageous strategy for these larvae. 
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摘 E 
ゴイ シン ジミ 幼虫 の 物質 収支 と 食物 利用 効率 (伴野 英雄 ) 


ゴイ シン ジミ の 幼虫 は , 関東 地方 の 平野 部 で は 主 ヒ に アズ マネ ザ サ に 寄生 する ササ コナ フキ アブ ラム シ を 
食物 と し て いる . この アブ ラム シ の 個体 数 は , 季節 や 年 に より 大 きく 変化 し , ゴイ シシ ジミ の 幼虫 は し ば し 
ば 食物 不足 に 陥る . 本 研究 で は , ゴイ シシ ジミ 幼虫 の 物質 収支 よび 食物 摂取 の 成長 へ の 影響 に つい て 調べ 
る と 共に , 食物 利用 効率 を 求め て 飽食 条件 下 と 制限 食 条 件 下 で 比較 し , さら に 他 の 民 虫 と の 比較 も 行っ た . 

野外 より 2, 3 齢 幼虫 を 採集 し , 4 齢 に な る まで 十分 な 食物 を 与え て 飼育 し た . 4 齢 幼虫 は 1 頭 ず つ 飼 育 
瓶 に 入れ , 16, 19, 22, 25 て の 温度 条件 下 で , 食物 量 を 2 段階 (飽食 , 制限 食 ) に 分 け て 飼育 し た . 物質 収 
支 と し て 摂取 量 , 排出 量 , 同化 量 , RES, 維持 に よる 消費 量 を , 食物 利用 効率 と し て 消化 効率 (AD), 摂 
食物 の 転換 効率 EC, 消化 物 の 転換 効率 (ECD) を 乾物 重量 を 基 に 求め た . また , 25C て に お いて 4 齢 幼 
虫 に 間隔 を お いて 食物 を 与え , 食物 供給 と 成長 の 関係 に つい て 調べ た . 

飽食 条件 下 で は , 4 齢 期 に は 乾燥 重量 に し て 21~44 mg の アブ ラム ン シ を 摂 食 し た . これ は 野外 で 最も 多く 
み ら れ る 小型 の サイ ズ の コロ ニー に し て 6 ~13 個 に 当たる . また 制限 食 条件 下 で は , 食物 量 が 飽食 条件 の 約 
3 分 の 1 で あっ た が , ほとん どの 個体 が 成虫 まで 発育 し た . AD, ECI, ECD は , 制限 食 下 の 方 が 飽食 条件 下 
より 全般 に 高い 値 を 示し た . また , 食物 利用 効率 の 比較 で 一 般 に 用 いら れる ECI は , ゴイ シン ジミ で 約 
30~40% CH), 植 食性 民 虫 の 約 10-20% に 比べ 高い 値 を 示 し た . 

食物 供給 に 間隔 を 与え た 場合 , 絶食 期間 に は 1 日 当り 約 10 一 20% の 体重 の 減少 が み ら れ た . 飽食 条件 下 で 
は , 4 齢 幼虫 は 3 日 で 最大 体重 に 達し , 4 ~ 6 A CHHEL ee. 制限 食 条 件 下 で も 幼虫 期 に 大 き な 延長 は み ら 
れず , 体重 が 15 mg 付近 た に 達する と 遇 化す る 傾向 が あり , その 時 点 で の 体重 に より 変形 し た 暴 を 形成 する こ 
と も あっ た . ゴイ シン ジミ の 幼虫 に と っ て 食物 供給 が 不安 定 な 場合 に は , 当て に な ら な い 食 物 を 求め る より 
は , 遇 化し て し まう 方 が テ ネ ル ギー の 消費 が 少な いと 思わ れる . 

上 記 の よう な ゴイ シシ ジミ 幼虫 の 食物 利用 と 成長 に み ら れ る 生理 的 特性 は , 量 的 に 不安 定 な 食物 に 依存 
し て いる 種 に と っ て 重要 な 一 適応 手段 で ある と 考え られ る . 
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